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同問題を解決するため，本論文では PolSAR 画像のパウリ分解と SNR による重み付合成に基づ
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(RADAR:RAdio Detection And Ranging)
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(xk − xm)2 + y2m + z20 (2.1)










Target (xm , ym , 0)x
y
z






dk,m = 2Rk(xm, ym)/c





























exp {−j2pi (∆fn) dk,m} (2.4)
λ = c/fc (2.4)
(2.4)








































(2.5) (xI , yI)
(xI , yI) Rk(xI , yI) (2.5)
I (xI , yI) =
K/2∑
k=−K/2
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(a) 送信偏波状態 (b) 反射偏波状態
2.6:
(a) 耕作地 (b) 住宅地 (c) 森林




2.7 3 PolSAR PolSAR














































(a) Surface scattering mechanism
(b) Double scattering mechanism





Direction of the polarizationTarget form
Direction of the polarizationTarget form








3.1 z = 0







































x′ − x, y′ − y) · {s2 (x′ − x, y′ − y)}∗dx′dy′√∫∫
Ω(x,y)
∣∣s1 (x′ − x, y′ − y) ∣∣2dx′dy′√∫∫
Ω(x,y)
∣∣s2 (x′ − x, y′ − y) ∣∣2dx′dy′(3.1)
Ω(x, y) 3.2
(x y)




′, y′) s2(x′, y′) 1
s1(x, y) s2(x, y) 0
|γ(x, y)| SAR
2 mm






















































12 (x, y) (3.3)
Kuv (2.12)
Kuv(x, y) = ku(x, y)k
∗T
v (x, y) (3.4)






a(= H,V) b(= H,V) SAR sab,p
p(=1,2) SAR
Xp
Xp (x, y) =
[
sHH,p (x, y) ,
√








sHH,p (x, y) + sVV,p (x, y)





f p(x, y) = wp (x, y)kp (x, y) (3.7)
wp (x, y) SNR
wp(x, y) =










x′ − x, y′ − y)}∗T · f2 (x′ − x, y′ − y) dx′dy′√∫∫
Ω(x,y)
∣∣∣∣f1 (x′ − x, y′ − y) ∣∣∣∣2dx′dy′
√∫∫
Ω(x,y)
∣∣∣∣f2 (x′ − x, y′ − y) ∣∣∣∣2dx′dy′ . (3.9)







1) SAR k1 (x, y) k2 (x, y)
2) SNR
w1 (x, y) w2 (x, y)
3) γpro(x, y) (3.12)




Change detection by calculating (, )
SAR Image of 1st observation
( ) ( )










1 HV,1 HH, ( ) ( )











SAR Image of  2nd observation
Pauli scattering vector
of 1st observation
Pauli scattering vector 
2nd observation
( ) ( )

























( ) ( )























































10cm x ± 1mm
-800 mm≤ x ≤ 800 mm, y = 0 mm z0 = 900
mm 200 θ = 50◦
26 GHz 40 GHz 2










































SNR SNR1 SNR2, SNR3
SNR








ROC(Receiver Operating Characteristic) 3.16
PFA(
) PD( )
ROC (HH: HV: VV:









HH 41 34 24
HV 20 11 7






















(b) wp p = 1, 2
(c) kp Xp
wp











x′ − x, y′ − y)}∗T ·X2 (x′ − x, y′ − y)dx′dy′√∫∫
Ω(x,y)
∣∣∣∣X1 (x′ − x, y′ − y) ∣∣∣∣2dx′dy′√∫∫
Ω(x,y)





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































：Pauli dec. (kp) with SNR weighting 
(Proposed index)
：Pauli dec. (kp) without SNR weighting 
：No Pauli dec. (X’ p) with SNR weighting 











4.1 z = 0
y = 0, z = z0
x θ 1
(H) (V)


























: (i = 1, 2) (4.1)
Ri(x, y) i 2
∆R(x, y) = R2(x, y) − R1(x, y)
∆R(x, y) ψ(x, y)


















































z ∆z(x, y) ∆z(x, y) ≈ ∆R(x, y)/cosθ
∆z (x, y) ≈ − c
4pifccosθ
ψ(x, y) (4.3)
ψ |ψ| ≤ pi
(4.3)
∆zamb(x, y; fc) = − c
4pifccosθ
(ψtrue(x, y; fc) + k2pi)




ψtrue(x, y; fc) k
4.3 ∆zamb (4.21) 2
∆z
[9] 4.4 N
fc,n, (n = 1, 2, ..., N)
(4.3) ∆zobs(x, y; fc,n)
∆zobs(x, y; fc,n) = − c
4pifc,ncosθ
ψ(x, y; fc,n) (4.5)
ψ(x, y; fc,n) 4.5
∆zobs(x, y; fc,n) 4.3
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Acceptable range of height 
estimation in center frequency
0




















∆zobs(x, y; fc,n) ∆zest
∆zamb(x, y; fc)(k = −2,−1, 0)
k = 0 ∆ztrue
∆ˆz(x, y)
















∆zamb(x, y; fc) ∆zobs(x, y; fc,n)
1 c/(2fc cos θ(x, y))
∆zobs(x, y; fc,1) 4.6 A
A’
c/(2fccosθ(x, y)) (
B ) [−∆zmax ∆zmax]
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s1(x, y; fc,n) s2(x, y; fc,n)
2) s1(x, y; fc,n) s2(x, y; fc,n) γ(x, y; fc,n)
γ(x, y; fc,n) ψ(x, y; fc,n) .
3) ψ(x, y; fc,n) (4.3)
∆zobs(x, y; fc,n)
4) ∆zobs(x, y; fc,1) (4.6)
5) c/(2fccosθ(x, y))
6) [−∆zmax ∆zmax] ∆ˆzest(x, y)
4.7
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Optimal height change quantity is determined with
∆ , ; 
, (n = 1, 2, … , N)
SAR image
 , ; 
,
 , ; 
,
Coherence γ and 
phase of γ : ψ
calculation





∆ , ; 
,
SAR image
 , ; 
,
 , ; 
,
Coherence γ and 
phase of γ : ψ
calculation





∆ , ; 
,
SAR image
 , ; 
,
 , ; 
,
Coherence γ and 
phase of γ : ψ
calculation
















fc,n, (n = 1, 2, ..., N)
SAR












SHH,p(x, y; fc,n) + SVV,p(x, y; fc,n)
SHH,p(x, y; fc,n)− SVV,p(x, y; fc,n)
2SHV,p(x, y; fc,n)
 (4.8)
(4.8) k1(x, y; fc,n) k2(x, y; fc,n)
(3.1)
γr(x, y; fc,n) 2 ψr(x, y; fc,n)
r = {1, 2, 3} (4.8) 4.2 (4.3)
ψr(x, y; fc,n) ∆zobs,r(x, y; fc,n)
∆zobs,r(x, y; fc,n) = − c
4pifc,ncosθ
ψr(x, y; fc,n), (4.9)
ψr(x, y; fc,n)
r















∆ˆzr(x, y) = arg min
∆z













∆, , 	; ,
∆, , 	; ,





Acceptable range of height 

























































(a) r = 1(selected) (b) r = 2
(c) r = 3
4.8: ( )
rˆ







r r = {1, 2, 3}
∆ˆzpro(x, y) = ∆ˆzropt(x,y)(x, y) (4.13)
4.8
(a) (b) (c) 1
2 3 ×
∆zobs,r(x, y; fc,n) ∆z




(4.12) r = 1
1) N
SAR k1(x, y; fc,n) k2(x, y; fc,n)
2) k1(x, y; fc,n) k2(x, y; fc,n) γr(x, y; fc,n)
γr(x, y; fc,n) ψr(x, y; fc,n) .
3) ψr(x, y; fc,n) (4.9)
∆zobs,r(x, y; fc,n)
4) (4.10) ∆ˆzr(x, y)
5) (4.12) rˆ
∆ˆzrˆ(x, y) ∆ˆzpro(x, y)
4.9
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Full polarimetric received data 
of 1st observation 
Full polarimetric received data 











































 , ; 	,
(, ; 	,)
Coherence calculation 2
 , ; 	,
(, ; 	,)
Coherence calculation N
 , ; 	,
(, ; 	,)
Conversion from 
phase to height 1
Δ, , ; 	,
Conversion from 
phase to height 2
Δ, , ; 	,
Conversion from 
phase to height N
Δ, , ; 	,
Optimal height change estimation for each Pauli component r = {1,2,3} 
Δ(, )
Optimal Pauli component ̂ estimation





















SHH,p(x, y) + SVV,p(x, y)














































































































































4.10: ((a): , (b): ,
(c): )
FFT2 IFFT2 2 2
²(x, y)
(Xmax(x, y), Ymax(x, y)) = arg max
x′,y′
(²(x′, y′)) (4.19)
(4.19) (Xmax(x, y), Ymax(x, y)) 2
Ω(x, y)
(Xmax(x, y), Ymax(x, y)) Ω(x, y) SAR
SAR
3.3 (3.12) 2
(xchange, ychange) Xmax Ymax
Xmax(xchange, ychange) , Ymax(xchange, ychange)
Xmax(xchange, ychange) Ymax(xchange, ychange)
4.10
Ymax,true(x, y) (4.19)










x x ≥ 0
∆ztrue 5mm 10mm 20mm
-800 mm≤ x ≤ 800 mm, y = 0 mm z0 = 900 mm
200 θ = 50◦
26 GHz 40 GHz
7 8GHz












(PS,HH + PS,HV + PS,VV) (4.20)
PS
SNR






∆ˆzpro ∆ˆzHH ∆ˆzHV ∆ˆzVV
SNR SNR r




r = 30[dB] r = 25[dB] r = 20[dB] r = 15[dB] r = 10[dB]
HH 32 28 23 18 15
HV 12 12 11 11 11
VV 33 29 22 19 14
35 31 25 21 17
25 21 18 13 12



































































































































































































































4.12: (∆ztrue=5mm SNR = 25 dB)
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∆	[mm]


































































4.13: (∆ztrue=5mm SNR = 25 dB)
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4.14: (∆ztrue = 5 mm)































4.15: (∆ztrue = 5 mm)








































































































































































































































































4.18: (∆ztrue=10mm SNR = 25 dB)
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4.19: (∆ztrue = 10 mm)






























4.20: (∆ztrue = 10 mm)





























































































































































































































































4.23: (∆ztrue=20mm SNR = 25 dB)
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4.24: (∆ztrue = 20 mm)






























4.25: (∆ztrue = 20 mm)
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